Objectives: Behavioral and psychological symptoms of dementia in individuals with Alzheimer's disease and caregiver characteristics may influence the decision to provide care at home or in a nursing home, though few studies examine this association near the actual time of nursing home placement. Using a matched case-control design, this study investigates the association between (1) total Neuropsychiatric Inventory score, (2) the Neuropsychiatric Inventory-4 (an agitation/ aggression subscale), and (3) individual domains of the Neuropsychiatric Inventory and nursing home placement. Methods: Data from the South Carolina Alzheimer's disease Registry provides an opportunity to expand the literature by looking at cases at the time of nursing home care eligibility/placement and allowing for propensity-score-matched controls. Cases (n = 352) entered a nursing home within 6 months of study initiation; controls (n = 289) remained in the community. Registry data were combined with caregiver survey data, including the Neuropsychiatric Inventory. Conditional logistic regression was applied. Results: A 10% increase in the Neuropsychiatric Inventory score implied a 30% increase in odds of nursing home admission (odds ratio: 1.30; 95% confidence interval: 1.14-1.50), having married or male caregivers predicted nursing home placement. Cases versus controls were significantly more likely to have behavioral and psychological symptoms of dementia related to agitation/aggression 1 month prior to nursing home admission. Conclusion: Interventions targeting behavioral and psychological symptoms of dementia without available effective interventions in individuals with Alzheimer's disease and caregiver support services are necessary to prevent or delay nursing home admission.
Introduction
In 2014, an estimated 5.2 million Americans have Alzheimer's disease (AD). The majority of those affected are diagnosed later in life, with recent statistics indicating that one in nine people aged 65 years and older and about one-third of people aged 85 years and older have AD. 1, 2 Since the US population aged 65 years and older is projected to drastically increase by 2030, encompassing approximately 20% of the total population, there is serious concern about the availability and cost of health and social services available for those with AD in the near future. 1, 3 Due to the progressive nature of AD, those diagnosed with the disease must often rely on informal caregivers to provide supervision and personal care. In 2013, the family and friends of those with AD provided an estimated demands placed on informal caregivers, 80% of caregivers report that they are willing to sacrifice "quite a bit" or "practically anything" to care for their loved one at home for as long as possible. 4 This is in accordance with the desires of most elderly individuals who wish to remain independent and live out their days at home. For many individuals with AD, nursing home placement is an inevitable and costly outcome in many situations. The average cost for nursing home care is US$42,000 per year but can exceed US$70,000 per year in some areas of the country. 1 Therefore, preventing or delaying nursing home placement for individuals with AD is an important part of ensuring a sustainable long-term care system.
Reasons for nursing home placement of individuals with AD are typically multi-faceted. 5 Sociodemographic variables, including older age, female gender, non-White race/ ethnicity, not being married, having a lower socioeconomic status, and living alone, have been identified as indicators of nursing home placement for individuals with AD. 6 Severities of memory impairment, activities of daily living (ADL) dependencies, and behavioral and psychological symptoms of dementia (BPSD) have also been identified as predictors of nursing home placement. 6, 7 A systematic review further supports BPSD as key predictors of institutionalization. 8 BPSD include, but are not limited to, hallucinations, delusions, aggression, and nighttime behavioral disturbances, including wandering. 9 Research examining stage-specific prevalence of behavioral pathology has shown that BPSD are extremely common, occurring in 98% of the sample participants. 10 In particular, BPSD such as depression, apathy, agitation, and aggressiveness are known to be more stressful to caregivers than the cognitive and functional problems of the individual with AD. 11 The presence of BPSD has been shown to increase the physical and emotional challenges experienced by families and caregivers. [12] [13] [14] For caregivers, the stress related to coping with BPSD is the strongest predictor of caregiver burden, depressive symptoms, and physical health issues. 15, 16 As a result, the risk of nursing home placement for individuals with AD increases. Fully characterizing the association between BPSD and nursing home placement is challenging. Although there is some evidence that BPSD persist in some individuals with AD, others may not exhibit symptoms to the same degree over time. 17 Prospective longitudinal studies assess individuals at set intervals that may not coincide with nursing home placement, whereas assessment at the actual time of nursing home placement typically includes only more general behavioral assessments, such as those included in the Minimum Data Set. 18 Ideally, a full profile of a person's cognitive and BPSD would be ascertained at the time of nursing home entry to help in the exploration of possible thresholds of clinically meaningful scores and quantify the extent of AD symptomatology at the time of entry. This study makes a substantial contribution to the available literature in this area because few previous studies have attempted to characterize and quantify symptom severity in close temporal relation to actual nursing home placement.
This article describes one approach to capturing additional insights into the BPSD of individuals with AD in close proximity to the actual date of nursing home placement. Using a matched case-control design, researchers used the Neuropsychiatric Inventory (NPI) and caregiver-focused survey instruments to assess BPSD in individuals with AD and to determine the influence of caregiver characteristics in the nursing home placement process. In particular, the researchers aimed to investigate the association between (1) total NPI score, (2) the NPI-4 (an agitation/aggression subscale), and (3) individual domains of the NPI and nursing home placement.
Design and methods

Participants
The study sample consisted of individuals with AD identified by the South Carolina AD Registry. The Office for the Study of Aging in the Arnold School of Public Health at the University of South Carolina is the home of the South Carolina AD Registry, a population-based statewide registry of South Carolina residents diagnosed with Alzheimer's disease or related disorders (ADRD). It is the most comprehensive registry of its kind in the United States. The South Carolina AD Registry has maintained a record of diagnosed cases of ADRD in South Carolina since 1988 and has identified over 225,000 cases of ADRD. 19 The registry includes multiple sources containing administrative data including inpatient hospitalizations, mental health records, Medicaid claims, emergency department visits, memory clinics, vital records, and sources that contain clinical data such as longterm care evaluations.
Inclusion criteria for each study participant identified from the registry included the following: (1) a long-term care evaluation with a self/caregiver-reported diagnosis of AD; (2) an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coded medical record indicating AD (ICD-9-CM code 331.0), pre-senile dementia (ICD-9-CM code 290.1), senile dementia (ICD-9-CM codes 290.0, 290.2-290.3), or a dementia not otherwise specified (ICD-9-CM codes 294.10-294.11); and (3) an informal or family caregiver available for interview. The study team chose to verify AD diagnosis using ICD-9 codes identified by the South Carolina AD Registry. 19 Individuals with known vascular dementia or dementias caused by other medical conditions were excluded. The long-term care evaluation is an assessment made by a registered nurse on an annual basis during a home visit to a client who is enrolled in a Medicaid waiver program. The assessment may be done more frequently if the participant has a major change in their health that will affect their need for services. It includes date of assessment, demographics, the modified Mental Status Questionnaire score, measures of ADL, self-reported physician-diagnosed medical and psychiatric morbidities, an evaluation of BPSD, and caregiver contact information. If individuals are deemed eligible for nursing home care, they or their caregivers can choose between nursing home placement or receiving additional care services and case management while still residing within the community. All individuals with AD included in this study were eligible for nursing home level of care and are financially eligible for Medicaid.
Study participants were identified as cases if they had entered a nursing home within 6 months of study initiation or as controls if they remained in the community. For the purpose of this study, a caregiver was defined as a person spending at least 4 h per day and at least 4 days per week with the individual with AD. Caregivers of cases and controls were mailed a letter with information about the study, along with a US$2 bill which was an incentive for participation in the survey. Verbal informed consent was obtained from all subjects before the study. Interviewers called caregivers and conducted the interview or scheduled an appointment to conduct the interview at a later time. Interviews were completed by trained interviewers in the Office for the Study of Aging, Arnold School of Public Health, University of South Carolina. At interview completion, caregivers were mailed a letter thanking them for their participation and additional incentive, a US$10 gift card, for their time and assistance. Multiple attempts (eight or more calls) were made to contact a caregiver for an interview before a replacement case or control was considered. If the caregiver of a case was unreachable or unwilling to participate in the study, a replacement case was added to the list and the caregiver was contacted. Controls and caregivers of controls were handled similarly. Demographic characteristics and reasons for nonparticipation were recorded for the evaluation of potential selection bias for the caregivers of cases and controls who were reached but elected not to participate in the study. Ethical approval for this study was obtained from the University of South Carolina Institutional Review Board (registration number: 00000240).
Matching scheme
The effect of age, gender, and race on dementia incidence has been well-documented in the literature, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] in an effort to control for these factors; these were used as matching variables in this study. Prior to the interview, individuals diagnosed with Alzheimer's identified as cases and controls were matched on race (African American versus White), sex, age (within 5 years), and long-term care assessment date (within 120 days). The long-term care assessment date was chosen as a matching variable to assure that cases and controls had a level of care assessment within a similar time frame; in addition, ADL dependencies and cognitive impairment, both part of the assessment, have been found to be the strongest predictors of nursing home admission. 31 We were not able to find suitable controls for all cases using these matching criteria, and so two more cycles were added to the matching process. Criteria were relaxed in each cycle to obtain more matches. When these matching cycles failed to yield enough cases and controls, stratified random sampling based on the matching variables of interest was used to closely maintain overall similarities between cases and controls.
Subsequent to the completion of all interviews, any previous matches between cases and controls were discarded. Matching was redone using propensity scores in conjunction with matching with replacement since interviews resulted in more cases than controls. [32] [33] [34] [35] [36] [37] Propensity scores were calculated using the original matching variables of interest: race, gender, date of birth, and assessment date. Propensity scores were matched to within 0.81 of one standard deviation (SD) of the logit of the propensity score. 35, 38 Rosenbaum and Rubin 39 and Cavuto et al. 40 recommended matching within one-quarter of a SD value of the logit. 39 Our matching interval (0.81 × 1 SD value) reflects a balance between achieving the best match possible and maximizing the number of case and control matched sets available for analysis. We also adjusted for the matching variables in the statistical analysis to limit any possible residual confounding. A total of 512 individuals (256 pairs) were matched one case to one control; 9 individuals (3 matched sets) were matched one case to two controls; and 120 individuals (30 matched sets) were matched one case to three controls. The final study sample used for analysis included 352 cases and 289 controls matched with replacement using propensity scores.
The authors chose to match on patient characteristics and not to the patient-caregiver dyads for several reasons. For example, since matching is one of the methods to address confounding, based on the definition of a confounder, the matching variables should be associated with both outcome and exposure without being an intermediate cause in the causal pathway between exposure and outcome. In our case, patient's characteristics are related to both presence of behavioral disturbances and nursing home placement. However, caregiver's characteristics are only associated with the decision of nursing home placement. In addition, matching on both caregivers and patients would have reduced our sample size leading to inefficient power in the analysis and the potential of overmatching, or loss of validity, stemming from a control group that is so closely matched to the case group that the exposure distributions differ very little. [41] [42] [43] 
Interview instrument
Five trained interviewers used a structured interview format to survey caregivers over the phone. The interviews lasted between 30 min and 1 h and took place between January and September 2010. The interview survey consisted of questions about the caregivers' relationship to the care recipient, household size, and other demographics. Caregivers of cases and controls were asked to answer the questions using two different reference time frames. Caregivers of cases were asked to think back to the month before admitting their care recipient with AD to a nursing facility. Caregivers of controls were asked to think back to the month prior to the interviewer's call. The primary instrument used during the survey was the NPI, which consists of 12 domains of BPSD and assesses individuals with AD with respect to the severity, frequency, and distress experienced by the caregiver. The caregiver is also asked to provide the assessment of severity and frequency. Each domain of the NPI is scored based on severity and frequency, and the overall NPI score is the sum of scores across all 12 domains. 44 Prior factor analyses suggest that a smaller subset of four NPI items including agitation, irritability, disinhibition, and aberrant motor behavior describe a unique and important cluster of symptoms. 45, 46 Confirmation of this agitation/aggression symptom cluster (NPI-4-A/A) was seen in the current data set, with further data to demonstrate a correlation with caregiver burden and higher (more severe) scores in nursing home residents. 47 Interview data were merged with the registry and longterm care evaluation data to create the analytic data set. All identifiable data are held by the University of South Carolina in compliance with applicable regulations.
Statistical analysis
Preliminary analyses included evaluation of the associations between the binary outcome variable, nursing home placement or community residence, and a host of variables of interest. The host variables of interest included more than 50 variables from the long-term care evaluation related to the client's health, demographic, lifestyle, and living situation as well as caregiver demographics. In the building of the multivariable models, a step-wise regression technique was implemented, based on results from the preliminary analyses and the researchers' institutional knowledge of the study population and variables. Conditional logistic regression [48] [49] [50] was used to model the relationship between the binary outcome variable related to nursing home placement and the NPI and the NPI-4. In total, 14 models of interest were considered. Each model featured the NPI score, the NPI-4 score, or the domain score for one of the 12 domains of the NPI as the main effect. For interpretation purposes, the NPI, NPI-4, and 12 individual domain scores were rescaled by a factor of 10. This means that each study participant's score was divided by 10% of the total possible score for the main effect of interest. As a result of the rescaling, the odds ratio (OR) of the main effects of the NPI, NPI-4, and 12 individual domain scores represents a 10% increase in the respective score, providing a more substantive interpretation of the OR. The final set of covariates for the models consisted of variables related to morbidity (arthritis, skin decubiti, bladder or bowel incontinence, Charlson comorbidity index, body mass index (BMI), total number of psychiatric conditions, and Mental Status Questionnaire score) and personal care needs of individuals with AD (total number of ADL dependencies and indication of non-human assistive device). All models were adjusted for potentially confounding variables such as patient's age, gender, race, BMI, and characteristics of the caregivers such as gender, marital status, education, and employment. There was no missing data in our main variables of interest because trained interviewers maintained data completeness. All statistical results were evaluated at the 0.05 level of significance. Results related to the NPI, the NPI-4, and the 12 domains of the NPI are included. Due to methodology of sample collection in this study, a sample size calculation was not appropriate but a power analysis was performed with p and alpha set to 0.5 and 0.05, respectively; the results confirmed that ORs of at least 1.54 could be detected with 80% power. Statistical Analysis System (SAS) version 9.3 software was used for all analyses.
Results
A total of 1159 individuals were initially deemed eligible for the study. Of those, 705 had caregivers who agreed to participate in the study. The study had a high overall response rate of 72%. A refusal rate of 16% was determined by combining outright refusals and appointments not kept, 9% of the callers were never reached, 3% declined due to the recent death of the person they were caring for, and 1% were unable to complete the survey due to hearing impairment, a hospitalization, or surgery. Figure 1 presents a flow chart of the study enrollment process and arrival at the final set of study participants. Characteristics of the 705 individuals whose caregivers completed interviews were compared to the 454 individuals whose caregivers did not complete interviews. Comparisons were made based on the gender, race, and age of the individual with AD. No statistically significant differences were found. The final analytic data set consisted of 641 individuals matched with replacement using propensity scores based on race, age, gender, and assessment date. Of the 641 individuals, 352 were cases and 289 were controls. Table 1 shows the demographics of the cases and controls, as well as the results of the test for differences between the two groups. No statistically significant differences were found between the two groups with respect to the demographic variables. Similar comparisons were made for the caregivers of cases and controls ( Table 2) . Caregivers of cases and controls were found to differ with respect to gender, marital status, and education. In an effort to reduce confounding, these variables were adjusted for in the final model.
The frequency of reported NPI domains and mean frequency times severity scores of the BPSD are reported in Table 3 . All BPSD were reported more frequently in cases except for elation that was more frequently reported in controls. Mean frequency and severity scores were higher in cases except, again, for elation where the score was higher in the control group. Agitation, irritability, and apathy were the most commonly reported BPSD in both cases and controls. Agitation and apathy had the highest mean frequency and severity score in both groups. Hallucinations and aberrant motor behavior were reported equally in the cases and controls. The ORs and confidence intervals (CIs) for the main effects for each of the study models of interest are presented in Table 4 . The main effect of the NPI score was statistically significant (OR: 1.30; 95% CI: 1.14-1.50) and implied that a 10% increase in the total NPI score represented a 30% increase in the odds of nursing home placement. The NPI-4 score was also statistically significant in the model where it was the main effect, with an OR of 1.21 (95% CI: 1.10-1.34), implying that a 10% increase in the NPI-4 score yielded a 21% increase in the odds of nursing home placement. The NPI-4 score proved to have a stronger effect on the odds of nursing home placement than any one of its components (agitation/aggression, irritability, disinhibition, and aberrant motor behavior). Of the four NPI-4 components, agitation/ aggression, disinhibition, and irritability were significant main effects in their respective models, but aberrant motor behavior was not. For each of the models featuring either the NPI score, NPI-4 score, or one of the 12 domain scores as a main effect, the use of a non-human assistive device, having bladder incontinence, having bowel incontinence, the total number of psychiatric conditions, having arthritis, having skin decubiti, and the marital status of the caregiver were statistically significant covariates. Analysis revealed that male caregivers had significantly greater odds of placing their individual with AD in a nursing home for all models, except for the model where elation was the main effect. Married caregivers were more likely to admit their individual with AD to a nursing home than their non-married counterparts across all models. The odds of nursing home placement were higher for individuals using non-human assistive devices than those with bowel incontinence, skin decubiti, and psychiatric conditions.
Discussion
The primary focus of our study was to assess BPSD in individuals with AD and their effect on nursing home placement, while also accounting for the characteristics of the caregiver in the long-term care decision-making process. This study makes a substantial contribution to the available literature in this area because few previous studies have attempted to characterize and quantify symptom severity in close temporal relation to actual nursing home placement. A prior review of predictors for nursing home placement in dementia patients highlighted that many different types of factors influence nursing home placement, including demographic factors (e.g. age and marital status), caregiver characteristics, and disease characteristics (e.g. greater dementia severity, functional impairment, and neuropsychiatric symptoms). 8 The intervals of assessment and follow-up time vary considerably, and so the temporal association between disease characteristics may account for some of the variability. In this study, caregivers of cases were asked about BPSD in the month prior to nursing home placement of their individual with AD, although caregivers of controls were asked about the month prior to the interview. In addition, this study allows exploration of the role of caregiver characteristics in the decision to place an individual with AD and BPSD in a nursing home.
As the results of other studies have indicated, cases were significantly more likely to have BPSD 1 month prior to nursing home admission when compared to the same assessment of behavior disturbances in the previous month for controls. 14,51,52 Phillips and Diwan 53 has also shown that individuals with dementia and BPSD would enter nursing homes nearly 2 years earlier than those without. As the AD patient deteriorates throughout the course of the disease and BPSD worsen or become more frequent, caregivers may become more distressed leading to more difficulties providing care. Results of several studies have suggested that hallucinations, depression, sleeping disorders, and agitation are related to higher levels of caregiver's self-perceived stress, depression, and anxiety, 12,54,55 while Risco et al. 51 found that delusion, anxiety, apathy, motor disturbances, and eating difficulties were underlying factors in the decision of nursing home admission. Fauth and Gibbons 56 have indicated that eight of the NPI indices including delusions, agitation, depression, anxiety, apathy, disinhibition, irritability, and aberrant motor behavior indirectly affect the nursing home placement process by depressing the caregiver. Our study results showed the overall NPI score to be a predictor of nursing home placement. In our main effect models, we found six of the NPI indices-agitation/aggression, disinhibition, irritability, delusions, sleep disorder, and appetite and eating disorders-as statistically significant predictors of nursing home placement. Many of these BPSD were cited in the studies above as factors related to caregiver stress, depression, and anxiety, once again substantiating the relationship between the caregiver's mental well-being and nursing home placement. Our results also indicated that the NPI-4, which assesses four of the 12 NPI BPSD, is also a predictor of nursing home placement. The predictive ability of the NPI-4 provides evidence for its use as a shorter alternative to the NPI. 47 One component of the NPI-4, aberrant motor behavior, was not statistically significant. This could be due to the fact that one of the requirements for long-term care for the study participants is serious limitations in ADL. With respect to caregiver characteristics, male caregivers were more likely to decide on nursing home placement.
Results also indicated that married caregivers were more likely to decide on nursing home placement. The majority of the married caregivers were married to individuals other than the care recipient with AD (of 705 caregivers, only 75 were married to the care recipient). Additional research should explore why certain symptoms of BPSD are stronger predictors of nursing home placement. In part, these differences may be attributable to treatment options for at-home caregivers. For example, there are many safe and effective pharmacological treatments available for the management of symptoms of anxiety and depression. On the other hand, symptoms of agitation and delusions may be somewhat alleviated with behavioral interventions, but no pharmacological interventions are available with indications for these symptoms. Rather, regulatory agencies have issued black box warnings for antipsychotic use in the elderly with dementia. When combined with the present analyses, this suggests that there are still areas of unmet need in the successful management of patients with AD and BPSD. Exploring the association between these areas of unmet need, perceived caregiver burden, and potential treatment solutions would help move research forward in this area.
A major strength of this study was that the sample was recruited from a registry of individuals with AD. The South Carolina AD Registry includes a wide range of assessment and historical information about an individual with AD, including caregiver contact information; due to the availability of multiple data sources, the registry is able to cross-validate medical diagnoses. The South Carolina AD Registry successfully facilitates studies of this nature due to its history as a state-legislated registry, its long-standing relationships with entities which supply secondary data, and the strict measures it has in place to protect the confidentiality and identity of those in the registry. The registry was particularly helpful in the recruitment of African Americans, who have historically been difficult to recruit to such studies and have subsequently not been included or been included in limited numbers. [57] [58] [59] Despite the cultural differences between Whites and African Americans with respect to nursing home admission, we were able to recruit a representative sample of African Americans into our study. An additional strength of this study was the high overall response rate of 72%, which was due, in part, to the persistence of the trained interviewers and their ability to schedule appointments to do interviews at convenient times for the caregivers, including nights and weekends. Because of this, we were able to achieve a final study sample size much larger than similar studies on individuals with AD and BPSD.
The study did have some limitations. Our ability to obtain suitable matches did not go as specified in our original protocol. However, we were able to mitigate the effect of this limitation by re-matching cases and controls prior to statistical analysis using propensity scores in conjunction with matching with a replacement. With respect to the interview instrument, careful consideration was given to which survey instruments to include in the interview, while other survey instruments had to be excluded. Still, from a practical standpoint, the interview was lengthy for some caregivers, with most interviews lasting from 30 to 60 min. Additionally, since caregivers could have participated in the interview 6 months after their loved one was admitted to a nursing home there is a possibility for recall bias. It is possible that caregivers may not recall all BPSD present a week before admission to the nursing home. Furthermore, in this study a caregiver is defined as a person spending at least 4 h per day at least 4 days per week with the individual with AD. Caregivers were identified by case managers who capture the names of any caregivers for the individual with AD and the specific tasks that they assist the participant with during their assessment for community long-term care program. The names of these caregivers are collected from the individuals themselves or the responsible party for the individual who is in the home while the case manager is doing the assessment. The authors believe they have the closest available proxy for a caregiver but these individuals may have other family caregivers in addition to those interviewed who may not be living in close proximity or may not be spending as much time with the individual with AD. These caregivers may or, more importantly, may not have made similar decisions about nursing home placement and unfortunately we were not able to contact these caregivers to record their opinions. It should also be noted that this study was conducted only in South Carolina. Given state differences in Medicaid policies related to nursing home placement, generalizability to other states should be considered with caution prior to replication of findings. Similarly, findings should be replicated in non-US countries to inform which factors may be patient/caregiver versus systemically related to nursing home placement.
Our results indicate that to delay or prevent nursing home admissions among individuals with AD, additional interventions targeting behavior disturbances will need to be developed and more widely implemented. Caregiver support services also remain vital to sustaining care in the community for individuals with AD. In addition, previous research has found that certain BPSD may be more troublesome for some caregivers but not for others. According to de Vugt et al., caregivers differ in their emotional responses even when facing similar problems. Thus a caregiver's emotional reaction to BPSD is more important than the problem behavior in the decision to institutionalize an individual with AD. 11 Future research should further investigate the caregiver's perception of BPSD as assessed by indicators such as burden and depression and their effect on the decision for nursing home placement of individuals with AD.
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